Ecosystems in arid regions play a pivotal role in providing services to vulnerable environments with considerable challenges including extreme temperatures, low precipitation, variable climate change, and infertile soil. The countries of the arid regions are facing more challenges due to land degradation, biodiversity loss, the scarcity of water and food resources, and protecting their inhabitant's public health. In many cases, policymakers in these countries are aware of the challenges, but they are seeking through scientific communities to develop clear sustainability and resiliency plans. Due to the complexity associated with arid ecosystem services, the scientist communities are still focusing on the development of integrated ecosystem management approaches. Within this line of commitment to our future generation, the paper in hand presents a framework for an Integrated Ecosystem Sustainability Approach (IESA). The core of this nexus approach is to understand and quantify the interlinkages between the ecosystem components, internal and external stresses, and society needs. The paper also identifies the key gaps to be considered when applying the IESA approach to arid ecosystem management plans.
Introduction
The sustainability of natural resources is considered a global issue due to the in- crease in population, urbanization, economic pressure, and the increase in agriculture areas to cover society demand of water, energy, and food [1] [2] [3] . The demand for natural resources is adding additional pressure on the ecosystems, leading to more changes in land use/land cover. Several activities are negatively influencing the ecosystems through the increase in agriculture areas and crop production [4] [5] , overgrazing [6] [7] , and other recreational activities such as spring camping [8] . As a result of these activities, natural ecological systems are becoming more degradable, as well as, the ability of the ecosystem to continue providing the quality and quantity of ecosystem services for human well-being is harmfully affected [9] [10] [11] .
With the increase in anthropogenic stresses on our ecosystems, many parts of the world are experiencing land degradation and desertification that affected their ecosystem services [12] , and consequently affecting the human health [13] . Therefore, ecosystem restoration and management, as recognized globally, are becoming key components for long-term sustainability and strategic resilience planning. Particular attention should be given to arid ecosystems as they cover 41% of the earth's land surface and hold 38% of the human population [14] [15] . Arid ecosystems are dramatically influenced by the climate and anthropogenic activities that result in desertification, soil fertility loss, soil compaction, and consequently, loss of ecosystem services [16] [17] . Managing human activities and the uncertainties associated with climate change predictions are considered serious challenges for the management efforts of arid ecosystems [18] .
The sustainability of the ecosystems is critical as these systems provide several services. These services include regulatory services (climate regulation, water quality and quantity), supporting services (ecosystem process, diversity maintenance, disturbance cycles), provisioning services (food, water, fiber, biochemical), and cultural services (culture identity, recreation and tourism) [19] [20] . In recent years, ecosystem services are becoming an active field of research as they provide food, fiber, and energy for human well-being [21] . To shed the light on the importance of ecosystem services, the Millennium Ecosystem Assessment (MA) was called by the United Nations Secretary-General Kofi Annan in 2000 to assess the consequences of ecosystem change and their impact on human wellbeing, and to enhance the conservation and sustainable use of those services through scientific bases for action needed [22] . However, the interlinkage between ecological diversity and ecosystem dynamics to ecosystem service underlying human well-being is poorly defined and quantified, and it was also unable to quantify uncertainties in many cases [23] . Such information is needed in order to understand the limits and consequences of ecosystem losses and the action required to maintain and restore ecosystem functions.
Consequently, the term of ecosystems was applied in different ways; for example, it was often used to describe the environment around a specific species or organisms. It was also used to describe land or aquatic areas [24] . Thus, all ecosystem terms and views are common and correct and need to be integrated. Also, less attention is given to the ecosystem services and management by decision policymakers. Therefore, managing natural ecological systems and their services is a challenge nowadays due to the complexity of these systems, and their connection with other management aspects including social, economics, governance, and policymaking. Several studies mentioned that these services have ecological, social, and economic underpinning [25] [26] [27] [28] . However, one of the significant challenges is that these three aspects are considered separately, even though they are analytically connected in the real world. Recently, more researches have been conducted to engage ecosystems in the nexus research [29] , and how to send the right message to the decision makers [30] . This paper employs a new ecosystem management approach called the "Integrated Ecosystem Sustainability Approach (IESA)" which emphasis on understanding and quantifying the interlinkage between the abiotic including land (soils), water, and climate, as well as, the biota (organisms, plants, and animals). The approach also integrates the influence of external factors such as anthropogenic activities and climate change on ecosystem services. Considering the interlinkage between these components and factors is essential in landscape and ecological restoration planning and management. Understanding and quantifying these interlinkages provides a general understanding of the ecosystem function and lead to better ecosystem management and planning. IESA approach can play an important role in: 1) improving the quality of data methods and assessment modeling to assess the ecosystem function and the value of the ecosystem services to improve the efficiency of management and policy-making; 2) involving the beneficiaries of ecosystem services in research planning, governmental programs to enhance decision-makers' recommendations; 3) improve the restoration planning and long-term monitoring of the natural systems through the output tools and models, and 4) implementing interdisciplinary approaches which integrate the ecosystem elements including the land, abiotic, and climate.
The Complexity of the Natural Ecosystem
Ecologists have considerably improved our understanding of the ecological system due to the explanation of the observed patterns which presented the mix of dynamic processes that characters the trajectories of the ecological system [31] .
Still, our current understanding of the complexity of the arid ecosystems does not allow a clear assessment of the interaction within the ecosystem elements, and of the impact of climate change on ecosystems in arid regions [32] . Most actions taken by decision-makers focused on solving one part of the system, which may end up declining other parts, leading to failure in managing and restoring ecological systems. It is also important to understand that restoration of disturbed ecosystems is costly, and that one restoration program is not suitable for all locations, it significantly depends on the type and degree of disturbance, and site condition [8] [33] [34] .
In order to reach a more definitive conclusion, it is important to develop more holistic integrated approaches that focus on developing a better understanding of the interlinkages between the ecosystem components including the nexus of Open Journal of Ecology biota, and abiotic (land and climate). Therefore, it is important to create a holistic framework that defines and quantifies the relationships within these ecological elements and to determine the effects one has on the other.
Integrated Ecosystem Sustainability Approach (IESA)
This paper presents a proposed conceptual framework for the Integrated Ecosystem Sustainability Approach (IESA), as shown in Figure 1 . IESA was designed to present a holistic way of thinking to focus on the interlinkages between the ecosystem elements, including biota, land, and climate, as well as, the external factors influencing the ecological system. IESA depends mainly on developing a quantitative characterization to the interlinkages and connections between the land, biota, and climate. These ecosystem elements are critically connected in multidirectional and complex ways, and through numerous sub-nexus as it is hard to ignore one element when managing others. This approach contains the relation between three major aspects which are significantly connected. The first aspect focuses on the interlinkages within the major ecosystem elements; the second is the anthropogenic aspects which include the social, economic and policies; and the third is the uncertainties aspects which include the climate change and its effects on the natural and social systems.
This approach will support decision makers in selecting appropriate decisions in protecting and managing their ecosystems and natural resources, as well as, the ecological restoration planning and management as it is considered one of the major issues due to the increase in land degradation and desertification in arid regions. 
The Nexus of the Ecosystem Elements
The first dimension of the ecosystem elements in this approach covers the interlinkages between the biotic (vegetation, animals, and microorganisms) and the land (soil, geology, and topography). Biotic elements are also considered as sub-nexus, such that: plants, animals, and microorganisms are linked in several ways. Biotic and the lands are significantly connected, where plant communities are influenced by the soil type, salinity, and soil moisture [34] . Also, the topography of the land plays an important role in the distribution of vegetation coverage as low elevation land may contain a high amount of soil moisture content leading to more available water for plant uptake. Soil health including soil fertility, organic matter, bulk density, and texture plays a vital role in vegetation growth and survival, and in sustaining the global biosphere [35] . Vegetation also influences the amount of organic matter and phosphorus in the soil, as well as, accumulating and stabilizing the soil and sediment at the primary succession process [36] . Both biotic and abiotic factors can affect soil quality, which can significantly impact plant growth, productivity, and resistance to pests. Moreover, soil quality affects the interactions of plants with beneficial arthropods, such as plant-pollinators [15] [34] .
The second dimension covers the interlinkages between biotic and the climate (including the temperature, water cycle, humidity, etc.). Metrological elements are crucial for plants growth and animal survival in arid regions. Evidence from previous studies showed that the vegetation-water interaction is considered one of the large importance in arid and semiarid lands [37] . Temperature and precipitation are essential resources for photosynthesis, which extremely influence the condition of the ecosystem [38] . The recovery of native vegetation highly depends on the temperature and rainfall quantity, intensity, and frequency [39] .
Plants also are vital water and carbon reservoirs which are essential to some mammals, especially in arid systems with harsh weather and limited water resources. It was illustrated by several studies that the enhancement of soil quality and vegetation will support the water cycle through the reduction of runoff and erosion.
The relationship between the biotic and the abiotic factors in the ecosystem with climate can be viewed through the concept of phenology. The concept deals with the rhythmic interlinkages between the elements of the ecosystem and climate [40] . For example, birds may respond to climate change by shifting their breeding timing of the year. The birds may shift the timing of laying eggs in response to changes in weather and circadian rhythms [41] . In the GCC region, the climatic factors played a significant role in the development of plant communities [42] . This factor was used efficiently by the Asian Houbara Bustard
Chlamydotis maqueenii [43] in Mahazat As-Sayd protected area to select specific habitat for specific purposes [44] . Furthermore, climate affected seasonal reproduction of small rodents [45] .
The third ecological dimension in this approach focuses on the interlinkage Open Journal of Ecology between the climate and soils. Previous studies showed that the climate is influencing the soil quality and productivity. For example, high temperature decreases the water storage in the soil through the evaporation and evapotranspiration (ET) process [46] . The soil-water serves as a solvent and transporter of food nutrients for plant growth, acts as a nutrient itself, helps in chemical and biological activities of soil, and regulates soil temperature [47] . The soil forming processes and weathering, and the microorganisms also require water.
The characteristics of soil organic matter mainly depend on the ecosystem condition such as soil-water saturation and temperature, which influence the quality of the plants, and the microbial communities [48] . Additionally, at extremely high temperatures of the desert ecosystems, soil layers can make suitable shelter microhabitats for birds as the hoopoe lark, Alaemon alaudipes and the spiny-tailed lizard, Uromastyx aegyptia microlepis [49] in a one-meter-deep burrow [50] [51].
Anthropogenic Activities: Human Activities
Ecosystem services provided by the ecological systems are negatively impacted by human activities. Therefore, the social-ecological system is a critical aspect that needs to be addressed in this approach. Previous work showed that human activities were the primary source of disturbance in the State of Kuwait [8] . This illustrates that the rapid increase in vegetation cover after the war was correlated with the protection of the desert, as well as, overgrazing and destructive camping are the major sources of disturbance.
The degradation of the ecosystem is also influenced by the rapid urbanization processes leading to more loses in the ecosystem services. Urbanization is considered a serious issue, especially in developing countries, as they create serious ecological and climatic problems in the ecosystem [52] . Unfortunately, urbanization planning has been poorly planned in most regions leading to series devastating consequences to the ecosystem and its services such as heat islands, therefore; there is an urgent need to consider the ecosystem services in the sustainable development planning [53] [54]. Further, it is time to look at the urban establishment as an ecosystem and recognize its components rather than narrowing it down to a land-use/land-cover concept.
The impacts of urban sprawl on the social dimension were not considered as they were in the economic and the environmental dimensions in the concept of [55] . The exploitation of resources was more prioritized than the social value of native habitat [56] . At the beginning of the twentieth century, the rapid rates of urbanization led to the conversion of genuine ecosystems into novel engineered ecosystems to meet the demands of the growing populations. The social consequences of such transformation were least considered in the development of national plans in many countries in the Arabian Peninsula. Based on observations noted in the Bedouin society in Mahazat
As-Sayd reserve in Saudi Arabia, the traditional knowledge and technologies that were inherited through generations eroded because of the influx of locals in urban settlements. There were significant differences realized between the old ver- Agriculture activities are also one of the important factors influencing the ecosystem services. Shifting natural ecosystems to agriculture areas to cover food demand, negatively affected the ecosystem services provided by the natural system [57] . Note, that this does not mean that we need to ignore agriculture, but it is essential to provide integrated methods, tools, and indicators that can help decision-makers in assessing the potential benefits of biodiversity and identify the tradeoffs among multiple ecosystems services.
Politics and economics are also important factors that need to be considered in social-ecological management. In restoration and rehabilitation of damaged ecosystems, ecologists may discuss the distribution of plants and animals and their relation to the ecosystem processes, as well as, the influence of human activities on the ecosystem structure and function unlike economists and politicians [58] [59] . The integration between these disciplines is an important concept as they are inextricably linked in the real world, but still continuing to be two separate disciplines. It also seems that the management of natural resources and ecosystems is a case-specific issue as policies and regulations play an active role in the disturbance of our ecosystem services. Therefore, one management or strategic plan may not be appropriate to all regions and countries since politics differ between countries and regions.
Uncertainties: Climate Change
Thirty years ago, the climate change issue was only a theory, but today, enough evidence is presented. The reports of the Intergovernmental Panel on Climate Open Journal of Ecology Change (IPCC) indicate that temperature has increased, and it is anticipated to increase further in the future unless serious actions are taken [60] . Such changes in the climate have serious direct and indirect impacts on the ecosystems in general, and specifically on the water cycle, biodiversity, and soil health. As the earth's temperature continues to rise, significant impacts occur on the freshwater supplies with the potential for devastating effects on these resources. Therefore, changes in temperature will affect the native species within the ecosystem directly and indirectly [61] [62] . As the temperature increase, evaporation and evapotranspiration rate will also increase leading to serious impacts on soil quality such as desertification and droughts, decrease in soil moisture, decrease in groundwater recharge, increase in soil salinity and changes in the annual runoff.
In the last few decades, groundwater levels of many aquifers around the world showed a decreasing trend, which has significant impacts on the hydrological cycle leading to substantial effects on the soil and water quality and quantity [63] .
Changes in temperature and precipitation may also have negative or positive feedback on the densities, distributions, and communities depending on the level of worming. It may also affect the species and biodiversity balance of grasses and woody vegetation [64] . Changes in precipitation will influence the soil moisture, which in turn will affect the vegetation density and productivity. Furthermore, the changes in rainfall will affect the structure and functions of animal communities. Such climate changes may also influence plant genetic composition and invite the invasive alien species as the site conditions become more hospitable to different alien species while native species become less competitive over their fundamental niche [65] . CO 2 concentration is another serious global challenge. The decrease in native vegetation and soil health will significantly influence the CO 2 sequestration in vegetation. Many plant communities act as a sink for the CO 2 emissions as they sequestrate carbon emission (store carbon), which helps to balance carbon emissions. McHale, Hall [66] found that native desert shrubs in Arizona are the primary source of carbon pool and fluxes in the desert, and the trees are the dominant carbon pool in the cities. Therefore, the decrease in native desert shrubs will reduce the carbon pools (sink) leading to more carbon concentration. It was also illustrated by Bachelet, Neilson [67] that moderate increase in temperature in the United States produces a decrease in vegetation density and carbon sequestration across the country with limited changes in the type of vegetation. However, substantial increases in temperature will decrease the vegetation density and carbon sequestration with considerable shifting in vegetation communities.
Identifying the Knowledge Gaps and Future Needed Research
One major global challenge nowadays revolves around ecosystem sustainability.
It is significant to identify the knowledge gaps in the tools, data, and models Open Journal of Ecology used in assessing the ecosystem. Therefore, more research is needed to focus on implementing the proposed integrated concept (IESA) that can help in integrating all common ecosystem terms and views, as well as, assessing the complexity of the ecosystems, and defining the direct and indirect external pressures (such as demographic, economic, sociopolitical, and cultural factors) on these ecosystems. This requires the development of a holistic approach which could consider all these elements, as well as, providing a quantitative characterization of the interlinkage within the ecosystem elements, and developing tools and indicators for each dimension within the proposed approach. In order to implement such approach and indicators, multidisciplinary researchers need to work together on implementing research in these areas at local, regional, and international levels.
It also requires more interaction among institutions and their policy processes.
Conclusion
Integrated nexus approaches in the field of ecosystem management and services should gain increased importance in future research. The concept of the Integrated Ecosystem Sustainability Approach (IESA) presented in this paper emphasizes on understanding and quantifying the interlinkages between land, biotic (organisms, plants, and animals), and the climate, as well as, the influential external factors such as anthropogenic activities and climate change.
